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(54) Current generating circuit, semiconductor integrated circuit, electro-optical device, and 
electronic apparatus 

(57) The invention seeks to provide a current gen- 
erating circuit with a simple configuration, an improved m 
durability, and low power consumption. A circuit block 
C1 appropriately selects elemental currents i11 to i14 
and i1 F in accordance with data (bits) S11 to S14 and 
S1 F and generates a sub-current loutl . Similarly, a cir- 
cuit block C2 appropriately selects elemental currents 
i21 to i24 and i2F in accordance with bits S21 to 524 
and S2F and generates a sub-current lout2. A circuit 
block C3 appropriately selects elemental currents i31 to 
i34 and i'3F in accordance with bits S31 to S34 and S3F 
and generates a sub-current lout3. A circuit block C4 
appropriately selects elemental currents i41 to i44 in ac- 
cordance with bits S41 to S44 and generates a sub-cur- 
rent lout4. These sub-currents loutl, lout2, lout3, and 
lout4 are combined to generate a main current lout. 
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Description 

[0001] The present invention relates to current gener- 
ating circuits for use in driving display panels, such as 
organic EL (Electronic Luminescence) panels, and 5 
more specifically, it relates to a current generating circuit 
for generating current with non-linear characteristics 
with respect to digital data indicating the brightness of 
a display panel. 

[0002] Generally, in liquid crystal panels, a change in 10 
gray level (brightness) of a pixel is not proportional to 
the voltage applied to the pixel. When driving liquid crys- 
tal panels, voltages with non-linear characteristics with 
respect to the linear gray scale of pixels (generally de- 
fined by digital data) are output. Thus, it looks as if the 15 
gray scale changes linearly. 

[0003] On the other hand, the human visual charac- 
teristics are generally known as having logarithmic or 
exponential characteristics. If Ihe brightness, represent- 
ed as the gray level, changes linearly, it may not appear 20 
to the human eye that the gray level changes linearly. 
In view of these circumstances, an electro-optical de- 
vice should have logarithmic or exponential gray scale 
characteristics, and hence it appears to the human eye 
that the gray scale has linear characteristics. A series 25 
of these processes may be referred to as y correction. 
[0004] Recently, organic EL panels have been attract- 
ing interest as next-generation display panels. This is 
because, unlike liquid crystal elements for simply 
changing the light transmission, organic EL elements 30 
used as electro-optical elements in organic EL panels 
are self-luminous elements which emit light by them- 
selves. For this reason, organic EL panels have excel- 
lent characteristics, such as a wider viewing angle, a 
higher contrast, and a higher response speed than, liq- 35 
uid crystal panels. 

[0005] Unlike voltage-driven liquid crystal elements, 
organic EL elements are so-called current-driven ele- 
ments. When driving organic EL elements, it is neces- 
sary to generate current, not voltage, in accordance with 40 
the gray level of a pixel. As an example of a known cur- 
rent generating circuit for generating current, the con- 
figuration such as that shown in Fig. 24 can be used. 
[0006] In this drawing, a voltage generating circuit is 
a current-adding-type D/A converter, which switches on/ 45 
off transistors 20a to 20f in accordance with 6-bit digital 
data (DO to D5) indicating the gray level of a pixel to 
select elemental currents i1 to i6 and which combines 
the selected elemental currents to obtain a current lout 
in accordance with the gray level. 50 
[0007] In organic EL elements, as in liquid crystals, it 
is necessary to perform y correction in order to generate 
logarithmic or exponential gray scale characteristics. In 
the current generating circuit shown in Fig. 24, the out- 
put current generated relative to 6-bit digital data indi- 55 
eating the gray level of a pixel has linear characteristics. 
If the current generating circuit remains unchanged, it is 
impossible to perform sufficient y correction. 



[0008] In order to generate a current with non-linear 
characteristics using such a current generating circuit, 
for example, it is necessary to have a scheme to prepare 
in advance a plurality of voltage sources and to individ- 
ually control gate currents of the transistors 20a to 20f. 
In this scheme, as the number of gray levels increases, 
so does the number of necessary voltage sources. 
Thus, the circuit configuration becomes complex. 
[0009] In general, as the number of voltage sources 
increases, the power consumed by generating voltage 
increases. This scheme is thus unsuitable for use in or- 
ganic EL panels of electronic apparatuses such as mo- 
bile personal computers and cellular phones, for which 
there are strong demands to reduce the power con- 
sumption. 

[0010] In view of the foregoing circumstances, it is an 
object of the present invention to provide a current gen- 
erating circuit with a simple circuit configuration and low 
power consumption. 

[0011] In order to achieve the foregoing objects, ac- 
cording to an aspect of the present invention, a current 
generating circuit is provided including a plurality of cir- 
cuit blocks for outputting sub-currents by selecting ele- 
mental currents from among a plurality of elemental cur- 
rents in accordance with input digital data; and a com- 
bining circuit for outputting a main current by combining 
the sub-currents. 

[0012] Preferably each of the circuit blocks generates 
the plurality of elemental currents by transistors having 
different gain coefficients. 

[0013] Preferably, the transistors include a combina- 
tion of transistors in which the ratios of the gain coeffi- 
cients are the binary weights. 

[0014] Preferably, the transistors are field effect tran- 
sistors, and a common reference voltage is supplied to 
gate electrodes of the transistors of each of the circuit 
blocks. 

[0015] Similarly, in order to achieve the foregoing ob- 
jects, according to another aspect of the present inven- 
tion, a current generating circuit is provided including a 
plurality of circuit blocks for generating sub-currents; 
and a combining circuit for outputting a main current by 
combining the sub-currents generated by the circuit 
blocks. Each of the circuit blocks is allocated to a cor- 
responding range obtained by dividing a possible range 
of input digital data. When the digital data value is below 
the range allocated to each of the circuit blocks, the cir- 
cuit block generates an approximately zero sub-current. 
When the digital data value is within the range allocated 
to each of the circuit blocks, the circuit block generates 
a sub-current having an approximately linear character- 
istic in accordance with the digital data. When the digital 
data value is above the range allocated to each of the 
circuit blocks, the circuit block generates a sub-current 
corresponding to the minimum value of the range of dig- 
ital data allocated to an upper block adjacent to the cir- 
cuit block. 

[0016] Preferably, the approximately linear character- 
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istic of the circuit block can be set individually for each 
of the circuit blocks. 

[0017] Preferably, the current generating circuit fur- 
ther includes an offset current path for defining the value 
of a lower limit for the main current. 
[0018] An electro-optical device includes a plurality of 
scanning lines; a plurality of data lines; a scanning line 
driving circuit for driving the scanning lines; a data line 
driving circuit for driving the data lines; and electro-op- 
tical elements located at intersections of the scanning 
lines and the data lines. The data line driving circuit in- 
cludes the above-described current generating circuit 
and supplies a main current generated by the current 
generating circuit to each of the data lines. 
[0019] In the electro-optical device, preferably, the 
electro-optical elements are driven elements driven by 
current. 

[0020] The driven elements may be organic electro- 
luminescence elements. 

[0021] Preferably, the electro-optical devicefurther in- 
cludes a memory for storing data for defining brightness 
gray levels of the organic electro-luminescence ele- 
ments; and a control circuit for reading the data from the 
memory and supplying the data as the digital data to the 
data line driving circuit. 

[0022] Preferably, the electro-optical devicefurther in- 
cludes an oscillator circuit for supplying a reference op- 
eration signal functioning as an operation reference. 
[0023] According to another aspect of the present in- 
vention, an electronic apparatus has the above-de- 
scribed electro-optical device mounted thereon. 
[0024] Embodiments of the present invention will now 
be described by way of further example only and with 
reference to the accompanying drawings, in which :- 

Fig. 1 is a block diagram showing the configuration 
of an electro-optical device according to an embod- 
iment of the present invention. 
Fig. 2 is a diagram showing the configuration of a 
pixel circuit in the electro-optical device. 
Fig. 3 is a timing chart for describing the operation 
of the pixel circuit. 

Fig. 4 is a block diagram showing the configuration 
of a current generating circuit included in a data line 
driving circuit of the electro-optical device. 
Fig. 5 is an illustration showing the contents of con- 
version performed by a converter circuit of the cur- 
rent generating circuit. 

Fig. 6 is an illustration showing the contents of con- 
version performed by the converter circuit of the 
current generating circuit. 

Fig. 7 is an illustration showing the contents of con- 
version performed by the converter circuit of the 
current generating circuit. 

Fig. 8 is an illustration showing the contents of con- 
version performed by the converter circuit of the 
current generating circuit. 

Fig. 9 is a diagram showing an example of the con- 



verter circuit. 

Fig. 1 0 is a diagram showing a reference voltage 
generating circuit of the current generating circuit. 
Fig. 11 is a diagram showing the configuration of a 
5 current selecting circuit of the current generating 
circuit. 

Fig. 1 2 is an illustration of examples of elemental 
currents generated by the current generating cir- 
cuit. 

10 Fig. 13 is an illustration of examples of main cur- 
rents generated by the current generating circuit. 
Fig. 14 is an illustration of a gray level/main current 
characteristic of the current generating circuit. 
Fig. 15 is an illustration of the gray level/main cur- 
15 rent characteristic of the current generating circuit. 
Fig. 16 is an illustration of the gray level/main cur- 
rent characteristic of the current generating circuit. 
Fig. 1 7 is an illustration of the gray level/main cur- 
rent characteristic of the current generating circuit. 
20 Fig. 18 is a diagram showing an example of a por- 
tion of a power supply circuit for generating a volt- 
age V1 . 

Fig. 1 9 is a diagram showing an application of the 
current generating circuit. 
25 Fig. 20 is a diagram showing an application of the 
current generating circuit. 

Fig. 21 is a perspective view showing the configu- 
ration of a mobile personal computer to which the 
electro-optical device is applied. 
30 Fig. 22 is a perspective view showing the configu- 
ration of a cellular phone to which the electro-optical 
device is applied. 

Fig. 23 is a perspective view showing the configu- 
ration of a digital still camera to which the electro- 
ns optical device is applied. 

Fig. 24 is a diagram showing the configuration of a 
known current generating circuit. 

[0025] With reference to the drawings, embodiments 
40 of the present invention will now be described. 

[0026] Fig. 1 is a block diagram showing the schemat- 
ic configuration of an electro-optical device according to 
an embodiment of the present invention. 
[0027] As shown in this drawing, an electro-optical de- 
45 vice 1 00 of this embodiment includes a display panel 1 . 
The display panel 1 has plural m scanning lines 102, 
plural n data lines 104, the scanning lines 102 and the 
data lines 104 being orthogonal to each other (while 
electrically insulated), and pixel circuits 110 at intersec- 
50 tions of the scanning lines 102 and the data lines 104. 
The electro-optical device 1 00 also includes a scanning 
line driving circuit 2 for driving the m scanning lines 1 02, 
a data line driving circuit 3 for driving the n data lines 
1 04, a memory 4 for storing digital data Dpix for defining 
55 the brightness or gray level of each pixel of an image to 
be displayed, a control circuit 5 for controlling the com- 
ponents, an oscillator circuit 6 for generating a reference 
signal and a control signal for operating the components 
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in synchronization, and a power supply circuit 7 for sup- 
plying power to the components. 
[0028] Of these components, the digital data Dpix 
stored in the memory 4 is supplied from an external ap- 
paratus, such as a computer, and defines the brightness 
of an organic EL element stored in each pixel circuit 1 1 0. 
In this embodiment, in order to simplify the description, 
the digital data Dpix has 6 bits and represents 64 gray 
levels (the sixth power of 2) ranging from "0" to "63" per 
pixel. 

[0029] In contrast, the scanning line driving circuit 2 
generates scanning signals Y1 , Y2, Y3 Ym for se- 
quentially selecting the scanning lines 1 02 one at a time. 
Specifically, as shown in Fig. 3, the scanning line driving 
circuit 2 supplies a pulse with a width corresponding to 
one horizontal scanning period (1 H) at the beginning of 
a vertical scanning period (1 F) as the scanning signal 
Y1 to the first scanning line 102. From this point onward, 
the pulse is sequentially shifted and supplied as the 
scanning signals Y2, Y3, Ym to the second, third, 
m-th scanning lines 102. In general, when a scanning 
signal Yi supplied to an i-th (i is an integer satisfying 1 
< ism) scanning line 102 becomes the H level, it means 
that the scanning line 1 02 is selected. 
[0030] In addition to the scanning signals Y1, Y2, 

Y3 Ym, the scanning line driving circuit 2 generates 

luminous control signals Vg1 , Vg2, Vg3 Vgm by in- 
verting the logical level of the scanning signals Y1 , Y2, 
Y3, Ym and supplies the luminous control signals 

Vg1 , Vg2, Vg3 Vgm to the display panel 1 . This is 

not shown in Fig. 1 . 

[0031] The data line driving circuit 3 has a current gen- 
erating circuit, which is a feature of the present inven- 
tion, for each data line 1 04. The data line driving circuit 
3 supplies current indicating the gray level or brightness 
to the pixel circuits 110 located on the selected scanning 
line 1 02 via the data lines 1 04. Specifically, the data line 
driving circuit 3 generates, for example, current in ac- 
cordance with digital data read from the memory 4 and 
supplies the current to the pixel circuits 110 located on 
the selected scanning line 102 via the data lines 104. 
The details of the current generating circuit will be de- 
scribed hereinafter. 

[0032] The control circuit 5 controls selection of the 
scanning line 102 by the scanning line driving circuit 2. 
Also, the control circuit 5 reads digital data from the 
memory 4 in synchronization with the selection and sup- 
plies the digital data to the data line driving circuit 3. 
Therefore, currents in accordance with brightness levels 
of organic EL elements of the pixel circuits 110 located 
on the selected scanning line 102 are supplied to the 
pixel circuits 110 via the data lines 104. 
[0033] The components 1 to 7 of the electro-optical 
device 100 can be manufactured in various forms. For 
example, the components 1 to 7 can be formed inde- 
pendently, or some or all of the components 1 to 7 can 
be integrated (for example, the scanning line driving cir- 
cuit 2 and the data line driving circuit 3 can be integrated, 



or some or all of the components except for the display 
panel 1 can be formed by a programmable IC chip and 
the functions of these components can be realized by 
software using a program written to the IC chip). 

5 [0034] The pixel circuits 1 1 0 of the electro-optical de- 
vice 1 00 will now be described. Fig. 2 is a circuit diagram 
showing the configuration of one of thepixel circuits 11 0. 
All the pixel circuits 110 have the same configuration. In 
order to generalize and simplify the description of scan- 

10 ning signals, the pixel circuit 1 1 0 located at the intersec- 
tion of the i-th scanning line 102 and one data line 104 
will now be described. 

[0035] As shown in this drawing, the pixel circuit 110 
located at the intersection of the scanning line 1 02 and 
'5 the data line 1 04 has four thin film transistors (hereinaf- 
ter referred to as "TFT") 1102, 1104, 1106, and 1108, a 
capacitive element 1120, and an organic EL element 
1130. 

[0036] Of these components, the source electrode of 
20 the p-channel TFT 1 1 02 is connected to a power supply 
line 1 09 to which a high potential Vdd of the power sup- 
ply is applied, and the drain electrode is connected to 
the drain electrode of the n-channel TFT 1 1 04, the drain 
electrode of the n-channel TFT 1106, and the source 
25 electrode of the n-channel TFT 1 1 08. 

[0037] A first end of the capacitive element 1120 is 
connected to the power supply line 109, and a second 
end is connected to the gate electrode of the TFT 1 1 02 
and the drain electrode of the TFT 1 1 08. The gate elec- 
30 trode of the TFT 1 1 04 is connected to the scanning line 
102, and the source electrode is connected to the data 
line 1 04. The gate electrode of the TFT 1 1 08 is connect- 
ed to the scanning line 1 02. 

[0038] In contrast, the gate electrode of the TFT 1 1 06 
35 is connected to a luminous control line 108, and the 
source electrode is connected to the anode of the or- 
ganic EL element 1130. Concerning the luminous con- 
trol line 1 08, a luminous control signal Vgi is supplied by 
the scanning line driving circuit 2. Concerning the organ- 
ic ic EL element 1130, an organic EL layer is held between 
the anode and the cathode, and light with brightness in 
accordance with forward current is emitted. The cathode 
of the organic EL element 1130 is a common electrode 
of all the pixel circuits 110 and is at a low (reference) 
45 potential of the power supply. 

[0039] In this arrangement, when a scanning signal Yi 
supplied to the scanning line 102 becomes the H level, 
the n-channel TFT 1 1 08 conducts (on) the source elec- 
trode and the drain electrode. The TFT 1102, in which 
so the gate electrode and the drain electrode are connect- 
ed to each other, functions as a diode. When the scan- 
ning signal Yi supplied to the scanning line 1 02 becomes 
the H level, the n-channel TFT 1104 is also turned on, 
like the TFT 1108. Consequently, the current lout gen- 
55 erated by the current generating circuit 30 flows from 
the power supply line 1 09 -» TFT 1 1 02 -> TFT 1 1 04 -» 
data line 104. At the same time, charge in accordance 
with the potential of the gate electrode of the TFT 1102 
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is accumulated in the capacitive element 1120. 
[0040] When the scanning signal Yi becomes the L 
level, theTFTs 11 04 and 1108 are turned off, while the 
charge accumulated in the capacitive element 1102 re- 
mains unchanged. Thus, the gate electrode of the TFT 
1 102 is maintained at the voltage when the current lout 
flowed. 

[0041] When the scanning signal Yi becomes the L 
level, the luminous control signal Vgi becomes the H lev- 
el. Thus, the n-channel TFT 1106 is turned on, and a 
current in accordance with the gate voltage flows be- 
tween the source and the drain of the TFT 1102. Spe- 
cifically, the current flows from the power supply line 1 09 
-» TFT 11 02 ->TFT 1106 organic EL element 1130. 
Thus, the organic EL element 1130 emits light in accord- 
ance with the current value. 

[0042] The current value of the current flowing 
through the organic EL element 1130 is determined by 
the voltage of the gate electrode of the TFT 1102. The 
voltage of the gate electrode is the voltage maintained 
by the capacitive element 1102 when the current lout 
flows through the data line 104 in response to the H- 
level scanning signal. Thus, when the luminous control 
signal Vgi becomes the H level, the current flowing 
through the organic EL element 1130 agrees with the 
current lout that flowed immediately before. 
[0043] If the TFTs 1102 of all the pixel circuits 110 
have different characteristics, it is possible to supply the 
same current to the organic EL elements 1130 included 
in the pixel circuits 11 0. It is thus possible to suppress 
display nonuniformity caused by the differences. 
[0044] Although one pixel circuit 110 has been de- 
scribed, since m pixel circuits 110 share the i-th scan- 
ning line 1 02, the m pixel circuits 1 1 0 operate in a similar 
manner when the scanning signal Yi becomes the H lev- 
el. 

[0045] As shown in Fig. 3, the scanning signals Y1, 

Y2, Y3 Ym exclusively become the H level one after 

another. In all the pixel circuits 110, the gate electrodes 
of the TFTs 1102 are maintained by the capacitive ele- 
ments 11 20 at the voltages when the current lout in ac- 
cordance with the brightness levels of the organic EL 
elements 1130 flowed. 

[0046] The transistors 1102, 1104, 1106, and 1108 do 
not need to be of the channel types described above. 
For each of the transistors 1102, 1104, 1106, and 1108, 
porn channel can be can appropriately selected. 
[0047] The current generating circuit, which is the fea- 
ture of the present invention, will now be described. Fig. 

4 is a block diagram showing the configuration of one 
line of a current generatingcircuit 30 included in the data 
line driving circuit 3. 

[0048] Inthis drawing, a convertercircuit310 converts 
6-bit digital data (D5 to DO) read from the memory 4 (see 
Fig. 1 ) into 1 9-bit digital data. The 1 9-bit digital data can 
be divided into four groups. Specifically, a first group has 

5 bits S11 to S14 and S1 F; a second group has 5 bits 
S21 to S24 and S2F; a third group has 5 bits S31 to S34 



and S3F; and a fourth group has 4 bits S41 to S44. The 
first group is supplied to a circuit block C1 ; the second 
group is supplied to a circuit block C2; the third group is 
supplied to a circuit block C3; and the fourth group is 

5 supplied to a circuit block C4. 

[0049] The details of conversion by the converter cir- 
cuit 310 will now be described. The gray level range of 
a decimal value (D5 is the most significant bit) indicated 
by the 6-bit digital data (DO to D5) has 64 steps from "0" 

10 to "63". When the gray level of the decimal value is "0" 
to " 1 5", the converter circuit 31 0 converts the 6-bit digital 
data into 19-bit digital data, such as that shown in Fig. 

5, and outputs the 19-bit digital data. More specifically, 
as the gray level advances from "0" to "1 5", the decimal 

'5 value indicated by the bits S1 1 to S1 4 (S1 4 is the most 
significant bit) advances from "0" to "15" in a similar 
manner. All the other bits are converted so that they rep- 
resent binary "0". 

[0050] When the gray level of the decimal value is "16" 
20 to "31 ", the converter circuit 31 0 converts the 6-bit digital 
data into 19-bit digital data, such as that shown in Fig. 

6, and outputs the 19-bit digital data. More specifically, 
as the gray level advances from "1 6" to "3 1 ", the decimal 
value indicated by the bits S21 to S24 (S24 is the most 

25 significant bit) advances from "0" to "15". The bits S11 
to S14 and S1 F are converted to be binary "1", and all 
the other bits are converted to be binary "0". 
[0051] When the gray level of the decimal value is "32" 
to "47", the converter circuit 31 0 converts the 6-bit digital 

30 data into 19-bit digital data, such as that shown in Fig. 

7, and outputs the 19-bit digital data. More specifically, 
as the gray level advances from "32" to "47", the decimal 
value indicated by the bits S31 to S34 advances from 
"0" to "15". The bits S14 to S11 S1F, S24 to S21 , and 

35 S2F are converted to be binary "1 ", and all the other bits 
are converted to be binary "0". 

[0052] When the gray level of the decimal value is "48" 
to "63", the converter circuit 31 0 converts the 6-bit digital 
data into 19-bit digital data, such as that shown in Fig. 

40 8, and outputs the 19-bit digital data. More specifically, 
as the gray level advances from "48" to "63", the decimal 
value indicated by the bits S41 to S44 (S44 is the most 
significant bit) advances from "0" to "15". The bits S11 
to S14, S1 F, S21 to S24, S2F, S31 to S34, and S3F are 

45 all converted to be binary "1 ". 

[0053] Fig. 9 shows an example of the converter cir- 
cuit 31 0 implemented by a logical circuit. Needless to 
say, the converter circuit 310 can be implemented not 
by a logical circuit but by a table having stored therein 

so the details of conversion. 

[0054] Referring again to Fig. 4, a reference voltage 
generating circuit 320 generates reference voltages 
VCS1 to VCS4 and VCF1 to VCF4from voltages V1 to 
V4 generated by the power supply circuit 7. 

55 [0055] The reference voltage generating circuit 320 
generates, for example, the reference voltages VCS1 
andVCFI from the voltage V1 by a current mirror circuit, 
such as that shown in Fig. 10. In this drawing, thevolt- 
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age V1 output from the power supply circuit 7 shown in 
Fig. 1 is supplied to the input side of the current mirror 
circuit, whilethe reference voltages VCS1 andVCFI are 
removed from the output side. Similar current mirror cir- 
cuits generate the reference voltages VCS2 and VCF2 s 
from the voltage V2, the reference voltages VCS3 and 
VCF3 from the voltage V3, and the reference voltage 
VCF4 from the voltage V4, respectively. 
[0056] The circuit block C1 is allocated to "0" to "15" 
of the decimal-value gray levels "0" to "63" indicated by 10 
the 6-bit digital data (DO to D5). More specifically, as 
shown in Fig. 1 1 , switches 1 1 a to 1 1 d and 1 1 e are tu med 
on/off in accordance with the bits S11 to S14 and S1F 
of the 1 9-bit data generated by conversion by the con- 
verter circuit 310, and elemental currents i11 to i14and '5 
i1 F output by FETs (Field-Effect Transistor) 10a to 10e 
and lOf to 1 0j are combined to generate a sub-current 
loutl. 

[0057J When a predetermined voltage is supplied to 
the gate electrode and the source electrode of an FET, 20 
the current flowing through the FET defines a gain co- 
efficient p. The FETs 1 0f to 1 0j are set to have ratios of 
gain coefficients p of 1 0f :1 0g:10h:1 0i:1 Oj =1 : 2 : 4 : 8 1 . 
[0058] The reference voltage VCS1 is commonly sup- 
plied to the gate electrodes of the FETs 1 0a to 1 0e, and 25 
the reference voltage VCF1 is commonly supplied to the 
gate electrodes of the FETs 10f to 10j. Accordingly, the 
ratios of elemental currents i1 to i4 and i1 F are i1 :i2:i3: 
i4:i1F= 1 : 2 :4 : 8 : 1. 

[0059] In the circuit block C1 , the FET configuration 30 
is such that the FETs are grouped into two stages, 
namely, the FETs 1 0a to 1 0e and the FETs 1 0f to 1 0j, in 
orderto have stable characteristics of the output current 
lout. 

[0060] Theoretically, it is possible to form a circuit hav- 35 
ing an equivalent function by only using the FETs 10f to 
10j. 

[0061] The circuit block C2 is allocated to "1 6" to "31 " 
of the decimal-value gray levels "0" to "63" indicated by 
the digital data (DO to D5). The circuit block C2 is equiv- 40 
alent to the circuit block C1 . In other words, the circuit 
block C2 appropriately selects elemental currents i21 to 
i24 and i2F in accordance with the bits S21 to S24 and 
S2F of the 1 9-bit data, which is generated by conversion 
by the converter circuit 310, and combines the selected 45 
elemental currents to generate a sub-current lout2. 
[0062] The circuit block C3 is allocated to "32" to "47" 
of the decimal-value gray levels "0" to "63" indicated by 
the digital data (DO to D5). The circuit block C3 is equiv- 
alent to the circuit blocks C1 and C2. In other words, the so 
circuit block C3 appropriately selects elemental currents 
i31 to i34 and i3F in accordance with the bits S31 to S34 
and S3F of the 1 9-bit data, which is generated by con- 
version by the converter circuit 31 , and combines the 
selected elemental currents to generate a sub-current 55 
lout3. 

[0063] The circuit block C4 is allocated to "48" to "63" 
of the decimal-value gray levels "0" to "63" indicated by 



the digital data (DO to D5). The circuit block C4 is equiv- 
alent to the circuit block C1 except for the fact that the 
circuit block C4 does not have parts corresponding to 
the switch 11f and the FETs 10e and 1 0j (enclosed by a 
dotted line 50). The circuit block C4 appropriately se- 
lects elemental currents i41 to i44 in accordance with 
the bits S41 to S44 and combines the selected elemen- 
tal currents to generate a sub-current lout4. 
[0064] The circuit enclosed by the dotted line 50 in the 
circuit block C1 is for selecting the elemental current i1 F. 
The elemental current i1 F is used to add the elemental 
currents i11 to i14 when generating the sub-current 
loutl corresponding to the decimal-value gray level "16" 
(the minimum value of a range allocated to the circuit 
block adjacent to the top side of the circuit block C1 ) 
indicated by the digital data (D5 to DO). 
[0065] Similarly, the circuits enclosed by the dotted 
lines 50 in the circuit blocks C2 and C3 are for selecting 
the elemental currents i'2F and i3F. The elemental cur- 
rent i2F is used to add the elemental currents i21 to i24 
when generating the sub-current lout2 corresponding to 
the gray level "32". The elemental current i3F is used to 
add the elemental currents i31 to i34 when generating 
the sub-current lout3 corresponding to the gray level 
"48". 

[0066] Since the gray level "64" does not exist in this 
embodiment, the sub-current lout4 greaterthan or equal 
to the sum of the elemental currents i21 to i24 is unnec- 
essary. Thus, the current block C4 does not have a cir- 
cuit corresponding to the dotted line 50. 
[0067] The sub-currents loutl to lout4 generated by 
the circuit blocks C1 to C4 are combined by a combining 
current line 32 to generate a main current lout, and the 
main current lout is output to the corresponding data line 
104. 

[0068] The manner in which the value of the main cur- 
rent lout is controlled relative to the 6-bit digital data (DO 
to D5) will now be described. 

[0069] When the digital data (DO to D5) is within the 
range of gray levels from "0" to "15", as shown in Fig. 5, 
the bits S1 1 to S14 are converted so that a decimal value 
represented by these 4 bits (S1 4 is the most significant 
bit) sequentially advancesf rom "0" to "15". The switches 
1 1 a to 1 1 d in the circuit block C1 are turned on/off, and 
the elemental currents i11 to i14 are appropriately se- 
lected. Thus, the sub-current loutl is generated. 
[0070] When the gray level is from "0" to "15", the bits 
other than the bits S 1 1 to S 1 4 are converted to be binary 
"0". All the switches in the circuit blocks C2, C3, and C4 
are turned off. As a result, the sub-currents lout2, lout.3, 
and lout4 are all zero. 

[0071] The main current lout when the gray level is 
within the range from "0" to "15" can be represented only 
by the sub-current loutl which is generated by combin- 
ing, by the circuit block C1 , the appropriately selected 
elemental currents i11 to i14. 

[0072] When the digital data (DO to D5) is within the 
range of gray levels from "16" to "31", as shown in Fig. 



so 
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6, the bits S1 1 to S 1 4 and S1 F are converted to be binary 
"1". Thus, all the switches 11a to 11dand11ein the cir- 
cuit block C1 are turned on. As a result, the sub-current 
loutl becomes the maximum value indicated by the sum 
of the elemental currents ill to i14 and (1 F. 

[0073] When the gray level is from "16" to "31", the 
bits S21 to S24 are converted so that a decimal value 
represented by the four bits (S24 is the most significant 
bit) sequentially advances from "0" to "15". Thus, the 
elemental currents i21 to i24 are appropriately selected 
by the circuit block C2, and hence the sub-current lout2 
is generated. 

[0074] When the gray scale is within "1 6" to "31 ", the 
bits S31 to S34, S3F, and S41 to S44 are converted to 
be "0". The sub-current lout3 by the circuit block C3 and 
the sub-current lout4 by the circuit block C4 are both 
zero. 

[0075] The main current lout when the gray level is 
within the range from "16" to "31" is obtained by adding 
the sub-current lout2, which is generated by combining 
the appropriately selected elemental currents i21 to i24 
by the circuit block C2, to the sub-current loutl having 
the maximum value. When the gray level is "16" (the 
minimum value of the range allocated to the circuit block 
C2), more specifically, the current value lout2 is zero. 
Thus, the main current lout can be indicated by the cur- 
rent value loutl having the maximum value. 
[0076] When the digital data (DO to D5) is within the 
range of gray levels from "32" to "47", as shown in Fig. 

7, the bits S11 to S14, S1 F, S21 to S24, and S2F are all 
converted to be "1 ". The sub-current loutl by the circuit 
block C1 is the sum of the elemental currents i11 to i14 
and H F. The sub-current lout2 by the circuit block C2 is 
the sum of the elemental currents i21 to i24 and i2F. 
[0077] When the gray level is "32" to "47", the bits S31 
to S34 are converted so that the decimal value indicated 
by the four bits (S34 is the most significant bit) sequen- 
tially advances from "0" to "15". Thus, the elemental cur- 
rents i31 to i34 are appropriately selected by the circuit 
block C3, and hence the sub-current lout3 is generated. 
[0078] When the gray level is "32" to "47", the bits S41 
to S44 are converted to be "0". Thus, the sub-current 
lout4 by the circuit block C4 is zero. 

[0079] Thus, the main current lout when the gray 
scale is within the range from "32" to "47" is generated 
by adding the sub-current lout3, which is generated by 
adding the appropriately selected elemental currents 
i31 to i34 by the circuit block C3, to the sum of the sub- 
currents loutl and iout2, both having maximum values. 
When the gray level is "32" (minimum value of the range 
allocated to the circuit block C3), more specifically, the 
sub-current lout3 is zero. Thus, the main current lout 
can be indicated by the sum of the sub-currents loutl 
and lout2, both having maximum values. 
[0080] When the digital data (DO to D5) is within the 
range of gray levels from "48" to "63", as shown in Fig. 

8, the bits S11 to S14, S1F, S21 to S24, S2F, S31 to 
S34, and S3F are all converted to be "1". The sub-cur- 



rent loutl by the circuit block 1 is the sum of the elemen- 
tal currents i11 to i14 and i1 F. The sub-current lout2 by 
the circuit block C2 is the sum of the elemental currents 
i21 to i24 and i2F. The sub-current lout3 by the circuit 
5 block C3 is the sum of the elemental currents i31 to i34 
and i3F. 

[0081] When the gray level is within "48" to "63", the 
bits S41 to S44 are converted so that the decimal value 
indicated by the four bits (S44 is the most significant bit) 

10 sequentially advances from "0" to "15". In the circuit 
block C4, the elemental currents i41 to i44 are appropri- 
ately selected, and the sub-current lout4 is generated. 
[0082] The main current lout when the gray level is 
within the range from "48" to "63" is generated by adding 

is the sub-current lout4, which is generated by adding the 
appropriately selected elemental currents i41 to 44 by 
the circuit block C4, to the sum of the sub-currents loutl 
lout2, and lout3, all having maximum values. When the 
gray level is "48" (minimum value of the range allocated 

20 to the circuit block C4), more specifically, the sub-cur- 
rent !out4 is zero. The main current lout is indicated by 
the sum of the sub-currents loutl lout2, and lout3, all 
having maximum values. 

[0083] When the power supply circuit 7 generates the 
25 voltages V1 to V4 in which the relationship is V1 < V2 < 
V3 < V4, the reference voltages VCS1 to VCS4 (VCF1 
to VCF4) generated by the reference voltage generating 
circuit 320 have the relationship VCS1 < VCS2 < VCS3 
< VCS4 (VCF1 < VCF2 < VCF3 < VCF4). 
30 [0084] In this relationship, when the elemental cur- 
rents i11 to i14 i1F, i21 to i24, i2F, i31 to i34, i3F, and i41 
to i44 in the circuit blocks C1 to C4 have values shown 
in Fig. 12, the main currents lout corresponding to the 
gray levels "0" to "63" indicated by the digital data (DO 
35 to D5) have values shown in Fig. 1 3. The gray level/main 
current characteristics are, as shown in Fig. 14, indicat- 
ed by a simulated y curve generated by four straight 
lines. 

[0085] The characteristics will now be described. The 

40 main current lout when the gray level is within the range 
from "0" to "16" is the sub-current loutl generated by 
combining the appropriately selected elemental cur- 
rents i11 to i14 and i1F by the circuit block C1. When 
the gray level is within this range, the main current lout 

45 has an approximately linear characteristic within this 
range. The slope is determined by the reference voltage 
VCS1 (VSF1). Since the weights of the elemental cur- 
rents i11 and i1 F are "1", the main current lout when the 
gray level is "16" is on an extension of the characteristic 

so of the gray levels from "0" to "15". 

[0086] Next, the main current lout when the gray level 
is within the range from "16" to "32" is the sum of the 
sub-current loutl having the maximum value in the cir- 
cuit block C1 and the sub-current lout2 generated by 

55 combining the appropriately selected elemental cur- 
rents i21 to i24 and i2F by the circuit block C2. When 
the gray level is within this range, the main current lout 
has an approximately linear characteristic in this range. 
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which is continuous with the approximately linear char- 
acteristic when the gray level is within the range from 
"0" to "1 6". The slope of the main current lout when the 
gray level is within the range from "16" to "32" is deter- 
mined by the reference voltage VCS2 (VSF2). Since the 5 
weights of the elemental currents i21 and i2F are "1", 
the main current lout when the gray level is "32" is on 
an extension of the characteristic of the gray levels from 
"16" to "31". 

[0087] The main current lout when the gray level is 
within the range from "32" to "48" is the sum of the sub- 
currents loutl and lout2 having maximum values and 
the sub-current lout3 generated by combining the ap- 
propriately selected elemental currents i31 to i34 and 
i3F by the circuit block C3. When the gray level is within 
this range, the main current lout has an approximately 
linear characteristic in this range, which is continuous 
with the approximately linear characteristic when the 
gray level is within the range from "16" to "32". The slope 
of the main current lout when the gray level is within the 
range from "32" to "48" is determined by the reference 
voltage VCS3 (VSF3). 

[0088] The main current lout when the gray level is 
within the range from "48" to "63" is the sum of the sub- 
currents loutl lout2, and lout3 having maximum values 
and the sub-current lout4 generated by combining the 
appropriately selected elemental currents i41 to i44 by 
the circuit block C4. When the gray level is within this 
range, the main current lout has an approximately linear 
characteristic in this range, which is continuous with the 
approximately linear characteristic when the gray level 
is within the range from "32" to "48". The slope of the 
main current lout when the gray level is within the range 
from "48" to "63" is determined by the reference voltage 
VCS4 (VSF4). 
[0089] By adjusting the relationship among the refer- 
ence voltages VCS1 to VCS4 (VCF1 to VCF4) generat- 
ed by the reference voltage generating circuit 320 using 
the voltages V1 to V4, the characteristic of the main cur- 
rent lout relative to the gray level can be variously set. 
[0090] For example, when VCS1 = VCS2 = VCS3 = 
VCS4, the main current lout increases, as shown in Fig. 
15, approximately linearly over the whole range of gray 
levels "0" to "63". The slope changes in accordance with 
VCS1 (= VCS2 = VCS3 = VCS4). 
[0091] When VCS1 > VCS2 > VCS3 > VCS4, the 
characteristic of the main current lout is such as that 
shown in Fig. 16. When VCS1 (VCS4) > VCS2 (= 
VCS3), the characteristic of the main current lout is such 
as that shown in Fig. 17. 
[0092] In order to adjust the relationship among th3 
reference voltages VCS1 to VCS4 (VCF1 to VCF4) gen- 
erated by the reference voltage generating circuit 320, 
the voltages V1 to V4 generated by the power supply 
circuit 7 are set individually. For example, as the config- 
uration for individually setting the voltage V1 , an exam- 
ple shown in Fig. 1 8 can be used. Specifically, the output 
of an operational amplifier 71 is supplied as a negative 



feedback input using a variable resistor 73 and a resistor 
75. The same applies to the other voltages V2, V3, and 
V4. In this configuration, the resistance of the variable 
resistor 73 can be adjusted manually or can be adjusted 
by an analog switch. 

[0093] According to the current generating circuit 30, 
the characteristics of the main currents relative to the 
gray levels are represented by four continuous approx- 
imately linear lines. It is th us possible to simulate y char- 
acteristics of the display panel 1 in various manners in 
accordance with the purpose and use. 
[0094] According to the current generating circuit 30, 
64 types of main currents lout can be generated by four 
types of reference voltages using V1 to V4 and a logic 
power supply voltage. Thus, the number of necessary 
voltage sources can be very small. Thus, the configura- 
tion becomes simple, the power consumption can be re- 
duced, and the durability can be enhanced. 
[0095] The current generating circuit 30 generates the 
main currents lout corresponding to 64 gray levels by 
combining the four sub-currents loutl to lout4 generat- 
ed by the circuit blocks C1 to C4. Alternatively, the 
number of circuit blocks can be increased (by decreas- 
ing the number of FETs 1 0f to 1 0j belonging to one circuit 
block), and smoother non-linear characteristics can be 
achieved. In contrast, the number of circuit blocks can 
be reduced (by increasingthe number of FETs 10f to 1 0j 
belonging to one circuit block), and the conversion bur- 
den on the converter circuit 310 can be reduced (the 
number of data lines defining on/off of switches of the 
circuit block can be reduced). 

[0096] Although FETs are used to generate elemental 
currents in the circuit blocks, bipolar transistors can be 
used alternatively. 

[0097] The present invention is not limited to the 
above embodiment, and various applications and mod- 
ifications can be made. 

[0098] In the foregoing embodiment, the main current 
lout is zero, which is the minimum value, when the gray 
level is "0" (see Fig. 13). By additionally providing an 
offset current circuit such as that shown in Fig. 19, the 
value of the lower limit for the main current lout can be 
defined by the voltage V0. In this configuration, the cur- 
rent flowing through the offset current circuit 51 is offset 
against the sum of the sub-currents loutl to lout4 com- 
bined to form the main current lout. Therefore, the min- 
imum value of the main current lout can be set to the 
value of the lower limit instead of zero. 
[0099] In the foregoing embodiment, when the scan- 
ning line 102 is selected, the currents to be supplied to 
the organic EL elements 1130 of the pixel circuits 110 
located on the scanning line 1 02 is supplied via the data 
lines 104. 

[0100] If the display panel 1 increases in size, the par- 
asitic capacitance of the data lines 104 increases, and 
the necessary main current lout cannot be supplied im- 
mediately. It thus becomes difficult to perform high- 
speed driving. In order to solve this problem, as shown 
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in Fig. 20, a pre-charge circuit 53 can be provided for 
each data line 104. The pre-charge circuit 53 includes 
an FET 532 for causing a pre-charge current Ip in ac- 
cordance with a gate voltage Vpre to flow and a switch 
534 for pre-charging the data line 104 by being turned 
on in response to a signal Dp before the main current 
lout flows through the data line 1 04 and causing the pre- 
charge current Ip to flow through the data line 1 04. 
[0101] When the data line 104 is pre-charged before 
the main current lout flows, the period required for the 
current flowing through the data line 104 to reach the 
target main current lout can be reduced, compared with 
a case in which the pre-charge circuit 53 is not used. 
Accordingly, driving can be performed at a higher speed. 
[0102] In the foregoing embodiment, the luminous 
control signals Vg1, Vg2, Vg3, Vgm are generated 
by inverting, by the scanning line driving circuit 2, the 
logical level of the scanning signals Y1, Y2, Y3, Ym 
and are supplied. Alternatively, the luminous control sig- 
nals Vg1 , Vg2, Vg3, Vgm can be supplied by a sep- 
arate circuit. Alternatively, the luminous control signals 
Vg1, Vg2, Vg3, Vgm can be generated by reducing 
the periods during which the luminous control signals 
Vg1 , Vg2, Vg3, .. ., Vgm are at the active level (H level). 
[0103] In the electro-optical device 100 according to 
the foregoing embodiment, the current generating cir- 
cuit 30, which is the feature of the present invention, is 
applied to the data line driving circuit of the organic EL 
panel. Alternatively, the current generating circuit can 
be applied to various display panels other than the or- 
ganic EL panel, such as an FED (Field Emission Dis- 
play). 

[0104] Cases in which the electro-optical device 100 
according to this embodiment is applied to electronic ap- 
paratuses wilt now be described. 
[0105] Fig. 21 is a perspective view showing the con- 
figuration of a mobile personal computer to which the 
electro-optical device 100 is applied. In this drawing, a 
personal computer 21 00 includes a main unit 21 04 with 
a keyboard 2102 and the electro-optical device 100 as 
a display unit. 

[01 06] Fig. 22 is a perspective view showing the con- 
figuration of a cellular phone to which the foregoing elec- 
tro-optical device is applied. In this drawing, a cellular 
phone 2200 includes a plurality of operation buttons 
2202, an earpiece 2204, a mouthpiece 2206, and the 
electro-optical device 100. 

[0107] Fig. 23 is a perspective view showing the con- 
figuration of a digital still camera having a f inderto which 
the electro-optical device 100 is applied. Whereas a sil- 
ver camera exposes a film to light using an optical image 
of a subject, a digital still camera 2300 uses an image 
pickup device such as a CCD (Charge Coupled Device) 
to perform photoelectric conversion of an optical image 
of a subject and generates/stores an image pickup sig- 
nal. The above- described electro-optical device 100 is 
provided on the back of a main portion 2302 of the digital 
atill camera 2300. Since the electro-optical device 1 00 



displays an image in accordance with the image pickup 
signal, the electro-optical device 100 functions as afind- 
er for displaying the subject. A light receiving unit 2304 
including an optical lens and the CCD is provided on the 
5 front side of the main portion 2302 (the back side in Fig. 
23). 

[0108] When a user who wants to take a photograph 
confirms an image of the subject displayed on the elec- 
tro-optical device 100 and presses a shutter button 
10 2306, an image pickup signal generated by the CCD at 
that time is transferred and stored in a memory of a cir- 
cuit board 2308. 

[0109] In the digital still camera 2300, a video signal 
output terminal 231 2 for performing external display and 

15 an input/output terminal 2314 for data communication 
are provided on the lateral side of a case 2302. 
[0110] Electronic apparatuses to which the electro- 
optical device 100 is applicable include the personal 
computer shown in Fig. 21 , the cellular phone shown in 

20 Fig. 22, the digital still camera shown in Fig. 23, a liquid 
crystal television, a viewfinder-type or a monitor-direct- 
viewing-type video cassette recorder, a car navigation 
system, a pager, an electronic notebook, an electronic 
calculator, a word processor, a workstation, a video 

25 phone, a POS terminal, and a device with a touch panel. 
Needless to say, the electro-optical device 1 00 is appli- 
cable to display units of these various electronic appa- 
ratuses. 

[0111] As described above, according to a current 
30 generating circuit of the present invention, the circuit 
configuration can be simplified, and the power con- 
sumption can be suppressed. 



35 Claims 

1 . A current generating circuit comprising: 

a plurality of circuit blocks for outputting sub- 
40 currents by selecting elemental currents from 

among a plurality of elemental currents in ac- 
cordance with input digital data; and 
a combining circuit for outputting a main current 
by combining the sub-currents. 

45 

2. A current generating circuit according to claim 1 , 
wherein each of the circuit blocks generates the plu- 
rality of elemental currents by transistors having dif- 
ferent gain coefficients. 

so 

3. A current generating circuit according to claim 2, 
wherein the transistors include a combination of 
transistors in which the ratios of the gain coefficients 
are the binary weights. 

55 

4. A current generating circuit according to claim 2 or 
3, wherein the transistors are field effect transistors, 
and 
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a common reference voltage is supplied to 
gate electrodes of the transistors of each of the cir- 
cuit blocks. 

5. A current generating circuit comprising; 

a plurality of circuit blocks for generating sub- 
currents; and 

a combining circuit for outputting a main current 
by combining the sub-currents generated by 
the circuit blocks, 

wherein each of the circuit blocks is allocated 
to a corresponding range obtained by dividing 
a possible range of input digital data, 
when the digital data value is below the range 
allocated to each of the circuit blocks, the circuit 
block generates an approximately zero sub- 
current, 

when the digital data value is within the range 
allocated to each of the circuit blocks, the circuit 
block generates a sub-current having an ap- 
proximately linear characteristic in accordance 
with the digital data, and 
when the digital data value is above the range 
allocated to each of the circuit blocks, the circuit 
block generates a sub-current corresponding to 
the minimum value of the range of digital data 
allocated to an upper block adjacent to the cir- 
cuit block. 

6. A current generating circuit according to claim 5, 
wherein the approximately linear characteristic of 
the circuit block can be set individually for each of 
the circuit blocks. 

7. A current generating circuit according to any one of 
claims 1 to 6, further comprising an offset current 
path for defining the value of a lower limit for the 
main current. 

8. A semiconductor integrated circuit comprising a 
current generating circuit as set forth in any one of 
claims 1 to 7 integrated therein. 

9. An electro-optical device comprising a plurality of 
scanning lines; a plurality of data lines; a scanning 
line driving circuit for driving the scanning lines; a 
data line driving circuit for driving the data lines; and 
electro-optical elements located at intersections of 
the scanning lines and the data lines, 

wherein the data line driving circuit comprises 
a current generating circuit as set forth in any one 
of claims 1 to 7 and supplies a main current gener- 
ated by the current generating circuit to each of the 
data lines. 

10. An electro-optical device according to claim 9, 
wherein the electro-optical elements are driven el- 



ements driven by current. 

11. An electro-optical device according to claim 10, 
wherein the driven elements are organic electro-lu- 

5 minescence elements. 

12. An electro-optical device according to claim 1 1 , fur- 
ther comprising; 

10 a memory for storing data for defining bright- 

ness gray levels of the organic electro-lumines- 
cence elements; and 

a control circuit for reading the data from the 
memory and supplying the data as the digital 
is data to the data line driving circuit. 

13. An electro-optical device according to any one of 
claims 8 to 12, further comprising an oscillator cir- 
cuit for supplying a reference operation signal func- 

20 tioning as an operation reference. 

14. An electronic apparatus comprising an electro-op- 
tical device as set forth in any one of claims 8 to 13 
mounted thereon. 

25 
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[FIG. 1] 
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[FIG. 2] 
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[FIG. 3] 
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[FIG. 5] 
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[FIG. 6] 
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[FIG. 7] 
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[FIG. 8) 
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[FIG. 11 ] 
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[FIG. 12] 



ELEMENTAL 
CURRENT 


CURRENT 
VALUE 


n i 


I.O 


i12 


3.0 


no 


6,0 


114 


12.0 


i1F 


1.5 


i21 


4.75 


i22 


9.5 




iy.u 


I24 


38.0 


i2F 


4.75 


i31 


24.13 


i32 


48.25 


i33 


96.5 


I34 


193.0 


I3F 


24.13 


i41 


61.68 


i42 


123.4 


i43 


246.7 


(44 


493.4 



BNSDOCfD: <EP 1286S05A2J_> 



22 



EP 1 288 905 A2 



[FIG . 131 
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[FIG. 16] 
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[FIG. 18] 
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[FIG . 19] 
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